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AStoTHACX 


An  initial  study  has  been  made  of  the  effect  on  the  visibility  of  under¬ 
water  objects  as  seen  by  a  diver  working  under  water,  of  placing  optical 
filters  in  either  the  diving  lamp  or  the  diving  helmet.  It  appears  to  be 
quite  conclusive  that  filters  capable  of  transmitting  the  orange  or  yellow 
wavelengths  of  visible  radiation  improve  the  visibility-  of  the  submerged 
objects,  v  / '  \ 
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AliTHORIZiiTiuH 

1.  Tuis  problem  has  beei.  authox-ized  oy  Bureau  oT  Construction  ana 
Repair  letter  S94~(d)-(l)  (ME)  of  <4  September  1936. 

STATEMENT  OF  PRObLEM 


2.  The  deep  sea  div.-r,  wnen  working  under  viat.r,  is  at  all  times 
laboring  under  many  handicap-,  th-  greatest  difficulty  undoubtedly  b.  int,  Lis 
inability  to  sue  cleany  under  average  v/erkin^  conditions.  Itio  visibility 
ranges  from  a  point  at  which  the  diver  sees  his  worm  quite  cioarly  to  a  point 
where  tin.  'water  contains  suspended  mud  unu  silt  in  such  quantities  taut  +m. 
diver  worxs  in  total  darkness.  The  Experimental  Diving  Unit  at  th.  Washing¬ 
ton  Navy  lard  has  been  interested  in  the-  problem  oi  improving  the-  divine 
visioility  and  has  accumulated  considerable  information.  Doth  through  inquiry 
and  experimentation .  Wishing  to  extend  this  investigation,  the  Diving  Unit 
requested  -id  of  the  Naval  Research  Laboratory  and  the  work  described  in  to it 
re-port  is  a  result  of  the  cooperation  extended  to  the  Divinb  Unit. 


METHODS  '  ' 

(a)  Preliminary  Experiments 

3.  As  a  preliminary  experiment,  a  s-.rie3  of  glass  optical  fillers 

was  tuKen  to  the  Experimental  tank  where  submerged  objects,  illuminated  with 
a  250-watt  incandescent  lamp,  were  viewed  through  the  observation  port  ruth 
with  the  filters  in  the  line  of  vision  and  removed.  The  -pinion  of  a  number 
of  observers  appeared  to  be  that  only  those  filters  the  maximum  transmission 
of  which  was  in  the  yellow  or  orante  were  of  value,  filters  in  the  greens 
and  blues  being  detrimental  to  good  vision.  Of  this  series  of  filt.  r_, 

three  were  chosen  for  extended  observations,  namely  Corning  #33B  "Novicl" 

Shade  C  (lemon  yellow) ,  Corning  ^2 46  (amber  shade)  which  was  especially 
ground  and  polished  by  the  Optical  Shop,  Navy  Yard,  Washington,  L.C,,  and 
Corning  HR  Red  (orange  red) . 

4.  These  three  filters  \ie re  given  to  fifteen  of  the  most  experienced 
Naval  divers  who  observed  objects  in  the  uiving  tank  and  used  them  in  arc 
welding  operations.  The  filters  were  again  taken  under  the  surface  of  the 
river  to  observe  dock-piling  when  illuminated  with  the  standard  diying  lamp. 
The  opinion  of  the  observers  gave  preference  to  Corning  "Noviol"  Shade  C  as 
the  filter  which  improved  visibility  to  the  greatest  extent. 

(b)  Photographic  Experiments 

5.  To  determine  whether  or  not  a  more  definite  choice  of  filters 
could  be  made,  the  problem  was  approached  from  the  photographic  standpoint. 

A  corroded  steel  plate  with  holoB  punched  in  it  and  nuts  and  bolts  attached 
to  it  was  submerged  in  tile  Experimental  Tank  in  such  u  position  as  to  be 
visible  through  ;Ui  observation  port.  This  plate  was  then  illuminated  by  the 
desired  source  of  radiation  so  placed  that  through  the  port  it  was  not  visible 
to  the  eye  or  camera.  Photographs  using  Krutten  and  Wainwright  Panchromatic 
plates  were  taken  under  constant  conditions  of  turbidity,  distance  and  times 


of  exposure.  In  the  photographs , the  sharpness  of  the  details  of  th-..  o;r'' 
plate  with  its  nuts  and  Dolts  was  taken  as  a  criterion  of  th.  value  of  the 
'type  of  illumination  as  a  means  of  underwater  illumination,  h  series  of  J/, 
photographs  was  taken..  From  Plate  1  through  Plate  7  the  submerged  object  vat 
placed  30  inches  from  the  observation  port  and  the  source  of  illumination 
placed  20  inches  from  the  plate.  The  tank  was  emptied  ana  then  filled  with 
clean  city  water.  However,  due  to  the  activities  of  the  div.,rs  in  urrangin 
the  lamps  and  plate,  considerable  sediment  was  stirred  up,  much  of  which  re¬ 
mained  in  suspension  during  the  experiments.  The  divers  present  during  the 
tests  pronounced  the  water  clearer  than  water  in  w-nicit  submarine  work  is 
usually  carried  on. 

6.  A  measurement  of  the  intensity  of  light  from  a  tungsten  bulb  si' 
uated  in  the  tank  150  centimeters  from  the  port  with  the  water  in  the  tank 
and  again  when  the  tame  had  been  emptied  gave  an  approximate  vaiue  tor  the 
coefficient  of  absorption  \  of  the  water,  X  being  defined  by 

i  =  ioe~x  (x-v 


where  I  a'nd  IQ  are  the  intensities  of  the  iignt,  as  measured  by  a  Weston  ex¬ 
posure  Meter',  with  the  tank  full  and  empty,  and  (x  -  x^)  the  thicKncss  of 
water  between  the  meter  and  source.  The  vaiuv  of  X  was  found  to  be  O.Uldd. 

7.  Plates  8  and  9  exhibit  the  uppearunce  of  the  submerged  plate 
after  it  had  been  moved  a  distance  of  60  inches  from  the  observation  port, 
with  the  light  source  50  inches  from  the  object.  Plates  10  through  14  show 
the  corroded  plate  after  the  tank  water  had  been  changed  ana  the  plate  moved 
again  to  within  30  inches  of  the  observation  port. 

DATA  OBTAINED 

(a)  Examination  of  Photographic  Plates 

8.  Plate  1  shows  the  corroded  3teel  plate  in  the  tank  illuminated 
.with  a  250-watt  "Photoflood  #1"  lamp  placed  in  the  diving  lamp  casing  with 

no  optical  filters  in  the  light  path.  To  the  eye,  the  intervening  water  ap¬ 
peared  to  be  filled  with  a  bright  haze  due  to  the  light  scattered  by  the  sus¬ 
pended  matter.  This  bright  haze  confused  very  markedly  tne  vision  of  the 
person  iooking  into  the  observation  port.  The  sharp  edges  of  the  punched 
holes,  the  slots  in' the  bolt  heads  and  thv.  cages  of  tiu.  nuts  became  less  dis- 
i  tinguishable.  However,  after  exchanging  the  clear  bulb  in  the  diving,  lamp 
j  for  a  250-watt  amber  colored  bulb  furnished  by  Morse  &  Company,.  maKers  Of 
i  diving  equipment,  the  bright  haze  between  the  observer's  eye  arte  the  submerged 
I  object  became  much  less  and  the  details  of  the  prate  stoou  out  more  clearly. 

-  Plate  2  show*  the  photographic  effect  of  this.  type  of  illumination.  Plate  15 
exhibits  the  optical  transmission  of  the  glass  from  which  the  lamp  bulb  is 
made. 

O  i  '  ; 

9*  The  diving  light  was  replaced  with  a  250-watt  "Photoflood"  lamp 
1 1  and  an  optical  filter  aada  of  Corning  # 24b  glass  placed  in  front.  This 
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glass  is  a  yellowish  amber  color  and  its  optical  cnaract-.-iis  ti<.v  -.'r  su.  ,<r.  :r. 
Platel6.  Plate  3  exhibits  the  appearance  of  the  object  under  water  win n  il¬ 
luminated  by  the  radiation  through  the  ft 246  glass.  The  bri^nt  scatu.itd 
light  was  absent  and  the  details  of  the  plate  stood  out  juite  clearly. 

10.  Plate  4  shows  the  submerged  steel  plate  i  Hum  l  nut,. -d  by  rauiatioi. 
from  the  diving  lamp  in  front  of  which  was  a  fitter  of  Corning  viol"  5h .  J  ■ 
C  (lemon  yellow},  tnc  optical  characteristics  of  which  are  saown  on  Plate  17 
Again  the  mass  of  scattered  light  was  absent  and  the  details  of  tni-  plate  a} 
peered  to  bedome  more  discernible. 

11.  From  the  above  described  tests,  one  can  say  ,,uite  definitely  Ur  * 
any  one  of  the  filters  tried  improved  the  visibility  of  the  corr*v>:i  plat', 
with  its  nuts  and  bolts  when  placed  in  front  of  the  diving  lamp,  Hcv,.  v>.i ,  a 
say  which  filter  was  tne  best  is  much  more  difficult  and  a  'mart  exte  nded  it  - 
vestigation  under  more  varied  conditions  is  necessary. 


12.  Plates  5,  6. and  7  were  taxerx  with  the  submerged  object  iliumina 
by  the  clear  bulb  "Photoflood"  Hi  lamp  placed  in  the  casing  of  the  standard 
diving  lamp  and  the  optical  filters  placed  L..fore  the  lens  of  the  camera. 
Plate  5  shows  the  effect  of  the  Corning  viol"  Shade  C,  flaie  G  Corning 
ft 246,  and  Plate  7  a  filter  made  of  a  redaish  amber-colored,  glass  called  < ui 
ing  HR  Red.  As  one  would  expect,  it  appears  both  from  visual  observation 
and  from  photographic  examination  that  it  is 
an  optical  standpoint,  whet!.  ,r  the  filter  it 
held  before  the  eye. 


a  matter  of  inaif fen. nee,  from 
placed  in  front  of  tin-  lamp  or 


13.  Plate  8  shows  the  submerged  plate  when  it  has  been  mov.u  back 
from  the  port  to  a  distance  of  60  inches  and  illuminated  by  the  clear  diving 
lamp  placed  50  inches  from  it.  The  water  was  quite  full  of  suspended  matter 
due  to  *he  activities  of  the  divers  working  in  the  tank;  however,  the  silt 
WaS  auvoved  to  settle  until  a  constant  condition  of  turbidity  was  reached. 


14.  ,  When  the  plate  was  observed  through  the  port  illuminated  by  the 

Clear  diving  lamp,  the  scattered  light  was  so  intense  that  the  eye  was  blinded 
to  such  an  extent  that  the  details  oi  the  plate  were  quite  indistinct.  Three 
filters,  namely  Corning  "No viol"  Shade  C,  Corning  #246  and  Corning  HR  Red, 

Were  in  turn  placed  before  the  diving  lamp.  In  each  case,  the  bright  scat¬ 
tered  light  became  much  less  pronounced  and  the  details  of  the  plates  became 
Wore  distinguishable,  although  of  course  much  loss  so  tlum  '.hen  thd  platu 
*R0  30  inchus  from  the  port; 


•  V;' 15.  Plato  8  is  a  photograph  of  the  submerged  object  illuminated  with 
the  clear  diving  lamp,  while  Plate  9  shows  the  submerged  plate  illuminated  by 
radiation  few*  tbs  diving  lamp  which  has  passed  through  the  "Noviol"  Shade  C 
& v  With  this  Illumination,  the  nuts  arid  bolt  heads  were  more  clearly 

\\  ,  ■ 

(W  hxpwrlawnf  with  the  dlvlnx  tank  filled  with  river  water 


A  series  of  experiments  were  planned  to  test  the  effpet  of  the 

m  thp  WisiftUitar  of.pMsct*  under  water  ■' 
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conditions.  The  .diving  tank  was  filled  with  water  directly  from  the  river 
and  the  corroded  plate  and  the  sources  of  illumination  were  replaced  therein. 

17.  Nothing  could  be  seen  through  the  port  unless  the  plate  was  within 
6  inches  of  the  port.  The  intervening  water  was  a  mass  of  brilliant  light 
due  to  the  scattering  of  the  incident  beam.  Photographic  records  were  hope  ■ 
less  under  these  conditions. 


18.  The  water  was  diluted  to  approximately  50 %  of  the  original  tur-  ■ 
bidlty,  but  the  visibility  was  not  improved..  The  experiments  were  abandoned. 

S 
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(c)  Awearance  of  Submerged  Objects  When  Illuminated  by  Radiation 
from  a  Sodium  and  a  Mercury  Light. 

19*  The  tank  was  emptied  and  refilled  with  clean  city  water,  the  oo"- 
roded  steel  plate  placed  3d  inches  from  the  port  and  the  source  of  illumina¬ 
tion  20  inches  in  front  of  the  plate.  The  water  appeared  to  have  less  sus¬ 
pended  matter  in  it  than  in  the  previous  work,  consequently  the  data  obtain.  J 
cannot  be  compared  with  that  previously  obtained. 


20.  Plate  10  shows  the  appearance  of  the  submerged  plate  when  illum¬ 
inated  with  a  large  General  Electric  sodium  vapor  lamp  enclosed  in  a  water¬ 
tight  casing.  To  the  eye,  the  plate  and  its  details  were  very  clearly  visible 
and  the  scattered  light  between  the  observer  and  the  object  did  not  appear 

to  be  very  intense.  Plate  11  shows  the  submerged  object  again  illuminated 
with  the  radiation  from  the  sodium  light  with  an  Eastman  K-3  filter  in  front 
of  the  camera  lens.  There  is  no  difference  in  the  contrast  shown  by  the  photo¬ 
graphic  plates  in  these  two  exposures. 

1 

21.  Plate  12  shows  the  submerged  oDject  again  illuminated  by  tne  clear 
diving  lamp  in  front  of  which  was  filter  of  Corning  "No viol"  Shade  C.  A  com¬ 
parison  of  Plates  11  and  12  shows  the  two  sources  of  illumination  to  be  of 
about  equal  value,  which  observation  is  supported  by  visual  trials.  In  Plate 
13  an  Eastman  K-3  filter  was  placed  in  front  of  the  camera  lens  with  no  no¬ 
ticeable  effect. 


22.  Finally,  Plate  14  shows  the  submerged  plate  illuminated  by  radia¬ 
tion  from  a  high  power  G-E  Mercury  vapor  lamp  enclosed  in  a  watertight  casing. 
As  wus  expected,  to  the  eye  tne  details  of  the  plate  were  quite  indistinct, 
since  the  eye  loses  its  sensitivity  quite  rapidly  as  tne  wavelength  of  radia¬ 
tion  decreases;  and,  as  is  well  known,  the  mercury  arc  is  rich  in  radiation 
in  the  blue  region.  The  photographic  plate,  which  is  sensitive  to  the  lower 
wavelengths,  would  be  expected  to  show  about  as  much  contrast  as  with  other 
types  of  illumination.  v 


23*  It  appears  to  be  quite  well  established  in  this  Scries  of  experi¬ 
ments  that  an  optical- filter  with  maximum  transmission  in  the  yellow  materially 
Improves  the  visibility  of  submerged  objects  as  seen  by  a  diver  working  under 
Ln&ry  conditions.  However,  one  nu$t  realias  when  the  quantity  of  a^ctioent 
the  water  exceed*  a  certain  value,  tbs  diver  work*  in  darkn«^§  awi  ho  •  . 
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A4.  Further  experiments  are  in  progress  to  determine  uure  aocurat*.  1  • 
the  optical  characteristics  of  the  filter  which -will  improve  tin;  visibili-.., 
of'  submerged  objects  t,5  the  greatest  extent. 
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SOURCE  OR  /UOAf/AAT/OA  -  PROTO  PL  OOP  ESO  WATTS - 
MO  PATERS  /A  TAT  L/6RT  FATA  TO  TFT  E/E  TAE  F/ELP 
APPEARS  PER/  SR/SAT  TAE  PLATE  CAA  3E  SEEA,  RUT 
TAE  SCATTERED  LJSAT  AfARES  LT  P/PP/COLT  TO  PER' 

cewe  tap  p eta  as  op  tap  plate. 


plptb  / 


SOOPCF  OF  /ILOMW/9T/0O  ~  FrtffYY  CO l  OFF P  3(/t3,  ?S0 
#f?TT  FOPO/SOYP  8F  MOYSF  <?  COF7FFOY  FOY  T//F  OF  YY 
PlYltie  LfWP.  THE  FIFTY  WS  OO/YF  PlF/OLY  SFF/Y 

ay  mt  y/y. 
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<f  SOURCE  OF  /a UM/RRF/OR  -  PROTO  FLOPP' ZSO  MRFF&- 

\  R  F/L  TER  OF  RGLRSS  LR3ELEP  CORR/R6  "sFEC/R/L  *' 

POL/SREO  3/  TRC  OPF/C/9L  SRPP,  RRY/  /FRO,  RRSR  PC , 
YYRS  PL  R  CFO  JR  FRORF  OF  7RE  SOURCE,  TO  FRF  F/L  ERE 
OETR/LS  OF  FRF  FLRTE  0FCRRF  CL  ERROR  JRRIR  FRF 
F’/LTER  LYRS  RLRCEO  O  YER  FRE  LRPTPS 

,  C*  '  '  F'  • 


SOURCE  OF  /LLOPfmT/OH  -Pf/OTO  FLOOO  TOO  WFTTS  - 
P  F/L  TFP  OF  COPH/H6  H0///9P *  S///90F  C  "(tFATO/y  /FliOM^ 
WPS  FLPCFP  //¥  FPO/YT  OF  TOP  l /OFT  SOOPCF  FFF  /*/9SS 
OF  SCPTTFPFO  L/6HT  3 PCPAfF  IFSS  POP  TFF  OPTP/PS 
OF  THP  PL/9TF  PPFP.OPPO  TO  3PCO/OP  ATOPF  O/SCFPH/SLF, 
powem p>  ropy  cooto  so  soph  o/yty  tr/r//  o/ff/coitz. 
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c. 
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